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Abstract
Nitrogen (N) is a key factor for any ecosystem and has been found limited for 
biomass production. More N in forest ecosystem and their efficient utilization will 
contribute to the maximization in their growth, competition, and reproduction. 
Invasive plants capture and utilize more N than native plants and accelerate N 
cycles through altering the structure and community of soil microbes and the litter 
decomposition rates, under microclimate conditions, resulting in an increase of 
N availability. All these factors are promoting the invasiveness of plants and cause 
further ecological and economic damage and decline in native biodiversity. Plant 
invasions affect soil microbial community, soil physiochemical properties, and 
litter decomposition rates, promoting N cycle and releasing more nitrous oxide 
(N2O) into the atmosphere, further facilitating global warming, causing changes in 
the geographic ranges of some invasive species. Also, a better understanding of the 
mechanism, affecting factors, impacts, and control of the invasive species will lead 
to proper forest management. Proper and effective management will ensure the 
control of invasive species which includes invasive plant inventory, early deduction 
and rapid response, management plan and implication, and government support.
Keywords: global warming, plant invasions, greenhouse gases, nitrogen, forest 
management
1. Introduction
Biological invasion and global climate change pose threats to the loss of biodiver-
sity, genetic diversity, agriculture output, and ecosystem service change worldwide, 
thus causing huge economic loss [1–5]. Furthermore, global warming causes global 
climate change in the present era. Various exotic components including water vapor, 
ozone, and greenhouse gases (GHGs) play a role in the atmosphere absorbing an 
amount of the emitted radiation from Earth’s surface and then re-emitting it back 
to Earth, further increasing the surface temperature and resulting to disasters like 
floods, hurricanes, and drought [6–8]. N2O, CO2, and CH4 are mostly produced 
naturally as a biological process and by anthropogenic activity. These GHGs 
amounted about 80% of total the GHGs [8, 9]. N2O is a major long-lived GHG with 
a global warming potential of about 310 times greater than of CO2 over a lifetime of 
100 years [10] and is also involved in the atmospheric ozone depletion [11, 12], and 
>80% of global N2O emissions are projected to be linked to soil microbial activity 
[13]. A reorientation of multidimensional problems between forest and climate 
Advances in Forest Management under Global Change
2
changes is a complex issue. Climate change affects forest composition, and in 
addition, forest disturbances such as destruction and degradation further facilitate 
plant invasion which results to acceleration of the global GHG emissions [14–16]. 
Disturbances in the forest ecosystem lead to a loss of biodiversity, loss of biomass, 
and decreased forest regeneration potential [17]. The modification of abiotic and 
biotic factors will affect the exchange rate of GHG emission released into the 
atmosphere by forest soil, primarily through changes in microbial-mediated process 
and plant-derived process (e.g., photosynthesis) [18–20]. Therefore, adopting 
effective forestry and sustainable management practices will ensure productivity, 
N2O mitigation, and biodiversity [21]. Soil N2O production has been widely linked 
to soil microbial activity [12], which can be affected by litter and rhizosphere inputs 
of invasive plants [22], land-use legacy, and many other factors which are still 
unknown [23]. These changes to forest ecosystems can accelerate nutrient cycling 
and increase soil N2O production to the atmosphere [24]. The world’s forests are 
likely to face an increasing number of invasions in the future. It is necessary to 
identify the existing invasions and their potential for expansion and then set up 
invasive species management plan [25]. Managing forest invasion involves avoid-
ing entry, eradicating nascent species, biological control, choosing host trees for 
resistance, and using cultural practices (silviculture and restoration) to mitigate 
invader impacts.
The problem on biological invasion is highlighted. It poses a threat to any eco-
system which includes forest ecosystems, causing economic and ecological damages 
worldwide. The factors contributing to plant invasion include microbial facilitation, 
global warming, and nutrients availability which make it more complex and still 
unknown. Based on the previous literature, we tried to understand and discuss the 
following issues: plant invasion in forest ecosystems, factors contributing to plant 
invasions, and soil N process and N2O emission in the context of forest plant inva-
sion. The aim of our study is to highlight the mechanism of plant invasion and its 
control and management in the context of sustainable forest management.
2. Effects of global warming on plant invasion
The rising GHGs in the atmosphere such as N2O emission and other global 
change components affecting temperature can help hinder or promote plant inva-
sions [26, 27]. For example, species may increase in size with warming and decline 
of canopy transpiration [28, 29]. Furthermore, previous studies and models indicate 
that invasive plant often responds unpredictably to global change components [26]. 
The response of plant species to elevated temperature depends on the features of 
their ecological and physiological characteristics. The previous study demonstrated 
that invasive species (Lantana camara) respond significantly to elevated tempera-
ture with increasing allopathic effects and high growth rate, suggesting that global 
warming may increase the invasions of plant species [30]. The world’s climate with 
rising temperature can change the interaction, physiology, phenology, and dispersal 
pattern of plant species, and the introduced species may have an advantage over 
the native species in terms of responding more to this climate change [29]. The 
introduction of alien plant species is considered to survive if the introduced range is 
likely to their native range, temperature being a key factor for their further expan-
sion, reproduction, and growth [31, 32]. Global warming provides opportunity for 
invasive species to expand into regions where they could not previously survive and 
reproduce [4]. In addition, drought resulting from the climate change can affect 
biodiversity which further results in a warmer climate region, therefore damaging 
soil properties and affecting the plant nutrient uptake ability. These changes can 
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threaten important biodiversity and foods for local populations. Drought and warm 
climate are likely due to an expansion of invasive species and can also lead to biodi-
versity loss and changes in frequency and intensity, which can affect seed germina-
tion, potential growth of young plants, and ecosystem services [33]. To date, global 
warming has been related to the rapid expansion of native plant populations [34, 35] 
and colonization of newly exposed land on local scale, although natural colonization 
of the region would occur. Consequently, under climate change, non-native species 
are likely to interfere with native biodiversity [36]. Climate change has also effects on 
plant-soil feedback such as the interaction among soil microbes and plants. Global 
warming as one of the components of climate change greatly affects input to the soil 
by litter production from decomposition [37, 38]. Warming affects seed germination 
of plants, for which invasive species show positive response specially in the summer 
season. Also, the total biomass of invasive species can be affected by global warming 
and they show high response in winter season compared to native species [39].
3. Forest plant invasions
The plant species in forest ecosystems can successfully grow when the intro-
duced range is likely in their native habitat and can further expand and become 
invasive with unlimited soil resources, rising temperature, and soil microbial 
facilitation with a positive interaction to species [31, 32]. The success of plant inva-
sion in forest ecosystems can be affected by many factors: rising temperature [30], 
landscape structure [40], and disturbance, especially harvest-induced disturbance 
which increased the abundance of invasive plant species [41–43]. The overstory 
harvest increases the microclimate temperature. Such factors and resources avail-
ability at the proper time can help the introduced species invade in forest ecosys-
tems [44]. Such types of impact change in forest succession alter nutrients, carbon 
and water cycle, and the competition between native and invasive plant species is 
a much more threat to changes in ecosystem services. Plantation and regeneration 
forests are also at risk due to rapid plant invasions [45]. In order to impose an impact 
on ecological systems, invasive species not only required high-relative biomass, 
but they should also have characteristics that differ from those already present in 
the native species, which are necessary to drive ecosystem process [46]. The traits 
between invasive and native plants in forests can differ due to invasive species being 
assigned with higher resource utilization, fast-decaying leaf, more decomposition, 
high photosynthetic rate, relative growth rate, and higher specific leaf area [47–51]. 
Higher forest canopy cover can lessen the plant invasion, and it may limit the light 
source for invaded species when it is demanding for more light [52].
4. Forest management with plant invasions
Plant invasion in forest ecosystem is causing economic and ecological damage and 
threatens biodiversity conservation [52]. Forest management is required to identify 
the invasive species and its invasion stages and possible expansion and then set up a 
plan for its control [25], The inventory of invasive plants will help on proper manage-
ment and planning. It is based on the invasive species status, distribution, and effects 
and threats to forest ecosystem [53]. Early deduction of invasive species and their 
identification, based on to confirm whether it is new to the area and measure its estab-
lishment, expansion to other areas as well as predict its impact on the forest ecosystem 
and loss will lead to effective management plan. The rapid response with effective 
management/plan can lessen the further invasion with daily basis monitoring [53]. 
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Forest management includes prevention of arrival and dispersal of invasive species 
and their biological control as well as silviculture and restoration practices to lessen 
invasion impacts [45]. Restoration should be based on choosing plant species which 
suit to the condition of the target area [53]. For example, to increase the forests 
canopy cover may resist those invading species which demanding for more light, 
thus, invasive species with high resource demanding can be managed by proper way 
to minimize its further effects [54]. Also, a better understanding of the mechanism, 
affecting factors, impacts, and control of the invasive species will lead to a proper 
forest management. The (Figure 1) model is based on invasive species management,  
a stepwise model leading an effective management of species.
5. Forest plant invasions and soil N cycling
N is a key factor determining the outcome of interspecific competition in many 
ecosystems [55–57]. Previous literature found invasive plants dominant over the 
native plants because of they have more nutrient utilization, high photosynthetic 
rate, increased biomass production, more N availability from litter, high decompo-
sition rate [58]. In addition invasive species produce fast-decaying litter [48]. Such 
characteristics of plant invasions can accelerate/increase soil N cycling by altering 
soil microbial community which further affects N2O emission and forest ecosystem 
services in the invaded site [59, 60]. It may vary the types of plant invasion, such as 
woody plant invasion and N-fixing plants which have more significant impacts on 
N cycling than their alternatives. There is no difference between the responses of 
forests, wetlands, and grasslands to plant invasions [49].
Figure 1. 
A stepwise model is leading an effective forest management of invasive species (adapted from [53]).
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N is a key nutrient, limiting factor for biomass production in forest ecosystems 
[57, 61]. No plant is suitable for all habitat to grow potentially [47, 62, 63]. However, 
invasive plants efficiently utilize resources showing maximization in growth, com-
petition, and reproduction and improving their invasiveness characteristics [57, 62, 
64, 65]. The N use efficiency of invasive plants is enhanced by many ways such as N 
fixation, photosynthetic N use efficiency, and N mineralization, allowing invasive 
species to have an advantage over native plant population [47, 56, 57, 66].
Rapid nutrient cycles especially N cycle may promote the invasiveness of plants 
[49, 59, 67, 68]. Also, increased N availability may affect the activity of soil micro-
bial community with invasive plants and contribute to further invasion and provide 
a favorable environment for soil microbes [46, 59, 69]. Plant invasion changed  
(a) soil microbial community, (b) physiochemical properties, and (c) litter decom-
position rate, which can affect the soil N cycle.
a. Plant invasion helps in the succession of soil microbes and promotes their func-
tions, further facilitating plant invasions [70–72]. Some finding suggests that 
invasive plants in the invaded site may cause positive structural change in micro-
bial community, which results in negative effects on native plant community, 
establishment, growth, and the whole ecosystem [56, 73]. Increasing the avail-
ability of N by invasive plants through changed in soil microorganism structure 
and community in result rapid decomposition, or through N2 symbiotic fixation 
can further accelerate the N cycles [49, 58, 59, 74, 75]. These changes of plant 
invasion and especially the symbiotic N fixers have large effects on N cycles [58].
b. There is considerable evidence that plant invasion may alter physiochemical 
properties of soil. For example, invasive plants may cause soil moisture reduc-
tion with rapid evapotranspiration because of the long survival and rapid 
growth of invasive plants [75–77]. Some studies also observed a positive asso-
ciation between plant invasion and soil moisture [78]. Invasion of plants results 
in high pH value in soil, such as more ammonium and nitrate absorption result 
in acidification and alkalinization [78–80]. Si et al. [81] findings show that low-
degree plant invasion increased soil pH value, but high-degree plant invasion 
did not. A decrease in soil pH values caused by invasive plants could improve 
the solubility of P in soil, which contributes to further plant invasion [82]. Such 
factors, soil pH, soil moisture, and temperature are regulating soil microbes, 
soil N availability, litter decomposition rate, and community structure, thus 
also affecting the physiochemical properties effects on plant invasions [83, 84].
c. Fast-decaying litter of invasive species increases soil nutrients, especially N [83]. 
Thus, invasive plants obtain more nutrients especially N, and fast decomposi-
tion might also impact N cycle and further promote plant invasions [83, 85, 86]. 
Leaf litter quality and remarkable condition in the surrounding environment 
created by plants such as an increase in soil temperature and moisture can affect 
litter decomposition rate [87]. Invasive plants are often found with higher leaf N 
concentration affecting litter decomposition rates [51].
Soil N availability and transformation (mineralization, nitrification and deni-
trification) process from unusable form to usable form for plants is a key factor for 
primary net production. The involved microbes in nitrification and denitrification 
process are associated with N2O emission [12, 88]. More N2O emissions from the 
forest soil further accelerate global warming, thus greatly affecting N inputs to the 
soil by litter production through rapid decomposition by invasive plants [37, 51]. 
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Invasive plants are often found with high soil N content because of the fast-decaying 
litter production [48], which may affect the activity of soil microbial community, 
providing favorable environment to them [59, 69], such as increase in soil tempera-
ture [87], which may not be the same case for native species (Figure 2).
6. Forest plant invasions and soil N2O emissions
Nitrous oxide is a major GHG which contributes to the depletion of ozone layer 
and is released from soils [90]. It has been widely linked to soil microbial activity 
[12]. Soil biota can be affected through litter and rhizosphere inputs of invasive plant 
species and may stimulate nutrient release via litter effect. Furthermore, invasive 
plants support more decomposers [22] and can modify soil enzyme activity [91], as 
well as fast-decaying litter from the invasive species [48], land-use legacy and many 
other factors alter soil microbial communities [23], further accelerate N cycling and 
increasing N2O emissions altering the atmosphere composition [24]. The emission 
of N2O to the atmosphere further facilitating global warming is expected to change 
the geographic ranges of some invasive species [26, 92], creating new opportunity 
for the establishment and development of introduced species, and can also affect the 
phenology of invasive species [93]. We define that more N concentration causes more 
N2O emission. Hall et al. [16] show that canopy N concentration has effects on N2O 
emission where the canopy concentration of invasive species was higher than that 
of native plants, especially in the summer season, and vary between forest types. By 
comparison remote estimates of canopy N in either season did not properly predict 
N2O emission in the dry forest ecosystems. However invasive Morella faya increased 
N2O emission in dry and wet forest ecosystem but the effects was most significant 
when the forest canopy dominated by Morella faya individual and with few  other  
plant species in the overstory or understory. In addition, an increase in the soil pH 
and abundance of nosZ and nirK genes results in decreasing N2O emission [94].
7. Conclusion
Plant invasion alters ecosystem service which results to huge economic loss and 
ecological loss worldwide. There are many factors behind the invasive plant success. 
Figure 2. 
The dynamic feedback diagram between invasive plants, soil properties, and soil N cycles (modified from [89]).
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Some of these factors, such as climate change, underline the microbial mechanism 
of invasive species, micro-climate that created by invasive plant, more nutrients 
capturing by invasive plants and more N availability make more complexity which 
may not be experienced by native species. Previous literature of invasive plants 
demonstrated their impact complexity and changed the structure and function of 
ecosystem permanently. Thus, effective control of invasive species needs more atten-
tion nationally and internationally to lessen its further damage, leading to sustain-
able forest management. As well a better understanding of the mechanism, affecting 
factors, impacts, and control of the invasive species will lead to proper forest 
management, which include invasive plant inventory, early deduction and response, 
management and its implication, education and awareness, and indeed government 
support. Forest managers must pay special attention to species and regional wildlife 
at risk due to plant invasions. Future studies on the underlying microbial mechanism 
of invasive plants under the context of global climate change are still necessary to 
determine the role of the microbial community on plant invasion success.
Acknowledgements
The study was fanatically supported by Research Funding of Jiangxi 
Agricultural University (9232305172) and First-Class Discipline of Forestry of 
Jiangxi Province.
Conflict of interest
The authors declare no conflict of interest.
© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
8
Advances in Forest Management under Global Change
[1] Vilà M, Hulme PE. Non-native 
species, ecosystem services, and human 
well-being. In: Impact of Biological 
Invasions on Ecosystem Services. 
Springer; 2017. pp. 1-14
[2] Urban MC. Accelerating extinction 
risk from climate change. Science. 
2015;348(6234):571-573
[3] Dogra KS et al. Alien plant invasion 
and their impact on indigenous species 
diversity at global scale: A review. 
Journal of Ecology and The Natural 
Environment. 2010;2(9):175-186
[4] Walther G-R et al. Alien species in a 
warmer world: Risks and opportunities. 
Trends in Ecology & Evolution. 
2009;24(12):686-693
[5] Li Z, Xie Y. Invasive Alien Species in 
China (in Chinese). Vol. 2002. Beijing: 
China Forestry Press; 
[6] Smith P, Martino Z, Cai D. 
Agriculture. In: Climate Change 2007: 
Mitigation. 2007
[7] Stocker T. Climate Change 2013: The 
Physical Science Basis: Working Group 
I Contribution to the Fifth Assessment 
Report of the Intergovernmental 
Panel on Climate Change. Cambridge 
University Press; 2014
[8] Thomas R et al. What is meant 
by ‘balancing sources and sinks of 
greenhouse gases’ to limit global 
temperature rise. Briefing Note. 
2016;3:1-5
[9] Ciais P et al. Carbon and other 
biogeochemical cycles. In: Climate 
Change 2013: The Physical Science 
Basis. Contribution of Working Group 
I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate 
Change. Cambridge University Press; 
2014. pp. 465-570
[10] He J-Z, Zhang L-M. Key processes 




[11] Gao G-F et al. Spartina alterniflora 
invasion alters soil bacterial 
communities and enhances soil 
N2O emissions by stimulating soil 
denitrification in mangrove wetland. 
Science of the Total Environment. 
2019;653:231-240
[12] Stocker TF et al. Climate change 
2013: The physical science basis. 
Contribution of working group I to 
the fifth assessment report of the 
intergovernmental panel on climate 
change. 2013. p. 1535
[13] IWG. Climate Change 2013-The 
Physical Science Basis: Summary for 
Policymakers. Intergovernmental Panel 
on Climate Change; 2013
[14] Thuiller W, Richardson DM, 
Midgley GF. Will climate change 
promote alien plant invasions? In: 
Biological Invasions. Springer; 2008. 
pp. 197-211
[15] Tian X et al. Global climate change 
impacts on forests and markets. 
Environmental Research Letters. 
2016;11(3):035011
[16] Hall SJ, Asner GP. Biological 
invasion alters regional nitrogen-
oxide emissions from tropical 
rainforests. Global Change Biology. 
2007;13(10):2143-2160
[17] Raj A, Jhariya M, Bargali S. Climate 
smart agriculture and carbon 
sequestration. In: Climate Change and 
Agroforestry: Adaptation Mitigation 
and Livelihood Security. New Delhi: 




Plant Invasion and N2O Emission in Forest Ecosystems
DOI: http://dx.doi.org/10.5772/intechopen.92239
[18] Gathany MA, Burke IC. The effects 
of forest thinning practices and altered 
nutrient supply on soil trace gas fluxes 
in Colorado. Open Journal of Forestry. 
2014;4(3):278
[19] Wang H et al. The effects of 
elevated ozone and CO2 on growth 
and defense of native, exotic and 
invader trees. Journal of Plant Ecology. 
2018;11(2):266-272
[20] Wang H et al. UV-B has larger 
negative impacts on invasive 
populations of Triadica sebifera but 
ozone impacts do not vary. Journal of 
Plant Ecology. 2016;9(1):61-68
[21] Torras O, Saura S. Effects of 
silvicultural treatments on forest 
biodiversity indicators in the 
Mediterranean. Forest Ecology and 
Management. 2008;255(8-9):3322-3330
[22] Zhang P et al. Invasive plants 
differentially affect soil biota through 
litter and rhizosphere pathways: 
A meta-analysis. Ecology Letters. 
2019;22(1):200-210
[23] Chen W-B, Peng S-L. Land-
use legacy effects shape microbial 
contribution to N2O production in 
three tropical forests. Geoderma. 
2020;358:113979
[24] Shen F et al. Soil N/P and C/P ratio 
regulate the responses of soil microbial 
community composition and enzyme 
activities in a long-term nitrogen loaded 
Chinese fir forest. Plant and Soil. 
2019;436(1-2):91-107
[25] Adhikari P et al. Potential impact of 
climate change on plant invasion in the 
Republic of Korea. Journal of Ecology 
and Environment. 2019;43(1):36
[26] Bradley BA et al. Predicting plant 
invasions in an era of global change. 
Trends in Ecology & Evolution. 
2010;25(5):310-318
[27] Zhang L et al. Perennial forb 
invasions alter greenhouse gas balance 
between ecosystem and atmosphere 
in an annual grassland in China. 
Science of the Total Environment. 
2018;642:781-788
[28] Clausnitzer F et al. Relationships 
between canopy transpiration, 
atmospheric conditions and soil water 
availability—Analyses of long-term sap-
flow measurements in an old Norway 
spruce forest at the Ore Mountains/
Germany. Agricultural and Forest 
Meteorology. 2011;151(8):1023-1034
[29] Walther G-R. Plants in a 
warmer world. Perspectives in Plant 
Ecology, Evolution and Systematics. 
2003;6(3):169-185
[30] Zhang Q et al. Climate warming 
may facilitate invasion of the exotic 
shrub Lantana camara. PLoS One. 
2014;9(9):e105500
[31] Woodward FI, Woodward F. Climate 
and Plant Distribution. Cambridge 
University Press; 1987
[32] Charnov EL, Gillooly JF. Thermal 
time: Body size, food quality and the 10 
C rule. Evolutionary Ecology Research. 
2003;5(1):43-51
[33] Lawal S, Lennard C, Hewitson B. 
Response of southern African vegetation 
to climate change at 1.5 and 2.0° global 
warming above the pre-industrial level. 
Climate Services. 2019;16:100134
[34] Cannone N et al. Ecology of moss 
banks on Signy Island (maritime 
Antarctic). Botanical Journal of the 
Linnean Society. 2017;184(4):518-533
[35] Cannone N et al. Vascular plant 
changes in extreme environments: 
Effects of multiple drivers. Climatic 
Change. 2016;134(4):651-665
[36] Siegert MJ et al. The Antarctic 
Peninsula under a 1.5° C global warming 
Advances in Forest Management under Global Change
10
scenario. Frontiers in Environmental 
Science. 2019;7:102
[37] Davidson EA, Janssens IA. 
Temperature sensitivity of soil carbon 
decomposition and feedbacks 
to climate change. Nature. 
2006;440(7081):165-173
[38] Zhang L, Zou J, Siemann E. 
Interactive effects of elevated CO2 and 
nitrogen deposition accelerate litter 
decomposition cycles of invasive tree 
(Triadica sebifera). Forest Ecology and 
Management. 2017;385:189-197
[39] Chen B-M et al. Differential 
responses of invasive and native plants 
to warming with simulated changes in 
diurnal temperature ranges. AoB Plants. 
2017;9(4):plx028
[40] With KA. The landscape ecology of 
invasive spread. Conservation Biology. 
2002;16(5):1192-1203
[41] Kotanen PM. Effects of 
experimental soil disturbance on 
revegetation by natives and exotics in 
coastal California meadows. Journal of 
Applied Ecology. 1997;34:631-644
[42] Mack MC, D’Antonio CM. Impacts 
of biological invasions on disturbance 
regimes. Trends in Ecology & Evolution. 
1998;13(5):195-198
[43] Mooney HA, Hobbs RJ. Global 
change and invasive species: Where do 
we go from here. In: Invasive species 
in a changing world. Washington, DC: 
Island Press; 2000. pp. 425-434
[44] Jose S et al. Invasive plants: A threat 
to the integrity and sustainability of 
forest ecosystems. In: Invasive plants 
and forest ecosystems. 2009. pp. 3-10
[45] Liebhold AM et al. 
Biological invasions in forest 
ecosystems. Biological Invasions. 
2017;19(11):3437-3458
[46] Wardle DA et al. Terrestrial 
ecosystem responses to species 
gains and losses. Science. 
2011;332(6035):1273-1277
[47] Funk JL, Vitousek PM. Resource-
use efficiency and plant invasion 
in low-resource systems. Nature. 
2007;446(7139):1079-1081
[48] Jo I, Fridley JD, Frank DA. Invasive 
plants accelerate nitrogen cycling: 
Evidence from experimental woody 
monocultures. Journal of Ecology. 
2017;105(4):1105-1110
[49] Liao C et al. Altered ecosystem 
carbon and nitrogen cycles by plant 
invasion: A meta-analysis. New 
Phytologist. 2008;177(3):706-714
[50] Peltzer DA, Kurokawa H, Wardle DA. 
Soil fertility and disturbance interact 
to drive contrasting responses of 
co-occurring native and nonnative 
species. Ecology. 2016;97(2):515-529
[51] Zhang L et al. Decomposition of 
Phragmites australis litter retarded 
by invasive Solidago canadensis in 
mixtures: An antagonistic non-additive 
effect. Scientific Reports. 2014;4:5488
[52] Sharma L, Adhikari B, 
Watson M, et al. Forest canopy resists 
plant invasions: A case study of 
Chromolaena odorata in sub-tropical 
Sal (Shorea robusta) forests of Nepal. 
bioRxiv. 2019. DOI: 10.1101/747287
[53] Sherman K. Creating an Invasive 
Plant Management Strategy: A 
Framework for Ontario Municipalities. 
Peterborough, ON: Ontario Invasive 
Plant Council; 2015
[54] Dyderski MK, Jagodziński AM. 
Drivers of invasive tree and shrub 
natural regeneration in temperate 
forests. Biological Invasions. 
2018;20(9):2363-2379
11
Plant Invasion and N2O Emission in Forest Ecosystems
DOI: http://dx.doi.org/10.5772/intechopen.92239
[55] Theoharides KA. Plant invasions 
across space and time: Factors affecting 
non-indigenous plant species success 
during four stages of invasion [thesis]. 
Boston: University of Massachusetts; 
2007
[56] Sanon A et al. Differences in 
nutrient availability and mycorrhizal 
infectivity in soils invaded by an 
exotic plant negatively influence the 
development of indigenous Acacia 
species. Journal of Environmental 
Management. 2012;95:S275-S279
[57] Laungani R, Knops JM. Species-
driven changes in nitrogen cycling 
can provide a mechanism for plant 
invasions. Proceedings of the 
National Academy of Sciences. 
2009;106(30):12400-12405
[58] Ehrenfeld JG. Effects of exotic 
plant invasions on soil nutrient 
cycling processes. Ecosystems. 
2003;6(6):503-523
[59] Hawkes CV et al. Plant invasion 
alters nitrogen cycling by modifying 
the soil nitrifying community. Ecology 
Letters. 2005;8(9):976-985
[60] Liu X et al. Moso bamboo 
(Phyllostachys edulis) invasion 
effects on litter, soil and microbial 
PLFA characteristics depend on sites 
and invaded forests. Plant and Soil. 
2019;438(1):85-99
[61] Chen B-M, Peng S-L, Ni G-Y. 
Effects of the invasive plant Mikania 
micrantha HBK on soil nitrogen 
availability through allelopathy in 
South China. Biological Invasions. 
2009;11(6):1291-1299
[62] Matzek V. Superior performance 
and nutrient-use efficiency of invasive 
plants over non-invasive congeners 
in a resource-limited environment. 
Biological Invasions. 2011;13(12):3005
[63] Wang X-Y et al. Genotypic 
diversity of an invasive plant species 
promotes litter decomposition and 
associated processes. Oecologia. 
2014;174(3):993-1005
[64] Ochoa-Hueso R et al. Nitrogen 
deposition effects on Mediterranean-
type ecosystems: An ecological 
assessment. Environmental Pollution. 
2011;159(10):2265-2279
[65] Heberling JM, Fridley JD.  
Resource-use strategies of native 
and invasive plants in Eastern North 
American forests. New Phytologist. 
2013;200(2):523-533
[66] Deng B et al. Effects of nitrogen 
deposition and UV-B radiation on 
seedling performance of Chinese 
tallow tree (Triadica sebifera): 
A photosynthesis perspective. 
Forest Ecology and Management. 
2019;433:453-458
[67] Elgersma KJ et al. Legacy effects 
overwhelm the short-term effects of 
exotic plant invasion and restoration 
on soil microbial community structure, 
enzyme activities, and nitrogen cycling. 
Oecologia. 2011;167(3):733-745
[68] Zhang L et al. Soil respiration 
and litter decomposition increased 
following perennial forb invasion 
into an annual grassland. Pedosphere. 
2016;26(4):567-576
[69] Mitchell CE et al. Biotic interactions 
and plant invasions. Ecology Letters. 
2006;9(6):726-740
[70] Kiers ET et al. Reciprocal 
rewards stabilize cooperation in the 
mycorrhizal symbiosis. Science. 
2011;333(6044):880-882
[71] Hautier Y, Niklaus PA, Hector A. 
Competition for light causes plant 
biodiversity loss after eutrophication. 
Science. 2009;324(5927):636-638
Advances in Forest Management under Global Change
12
[72] Svensson JR et al. Novel chemical 
weapon of an exotic macroalga inhibits 
recruitment of native competitors in 
the invaded range. Journal of Ecology. 
2013;101(1):140-148
[73] Li Z et al. Effects of moso bamboo 
(Phyllostachys edulis) invasions on 
soil nitrogen cycles depend on invasion 
stage and warming. Environmental 
Science and Pollution Research. 
2017;24(32):24989-24999
[74] Dassonville N et al. Niche 
construction by the invasive Asian 
knotweeds (species complex Fallopia): 
Impact on activity, abundance and 
community structure of denitrifiers 
and nitrifiers. Biological Invasions. 
2011;13(5):1115-1133
[75] Rout ME, Chrzanowski TH. The 
invasive Sorghum halepense harbors 
endophytic N 2-fixing bacteria and 
alters soil biogeochemistry. Plant and 
Soil. 2009;315(1-2):163-172
[76] Novoa A et al. Soil quality: A 
key factor in understanding plant 
invasion? The case of Carpobrotus 
edulis (L.) NE Br. Biological Invasions. 
2014;16(2):429-443
[77] Wolf J, Beatty S, Seastedt T. Soil 
characteristics of Rocky Mountain 
National Park grasslands invaded by 
Melilotus officinalis and M. alba. Journal 
of Biogeography. 2004;31(3):415-424
[78] Kuebbing SE, Classen AT, 
Simberloff D. Two co-occurring invasive 
woody shrubs alter soil properties 
and promote subdominant invasive 
species. Journal of Applied Ecology. 
2014;51(1):124-133
[79] Kourtev P, Ehrenfeld J, Huang W. 
Effects of exotic plant species on soil 
properties in hardwood forests of New 
Jersey. Water, Air, and Soil Pollution. 
1998;105(1-2):493-501
[80] Fan L et al. The effect of Lantana 
camara Linn. invasion on soil chemical 
and microbiological properties 
and plant biomass accumulation 
in southern China. Geoderma. 
2010;154(3-4):370-378
[81] Si C et al. Different degrees of plant 
invasion significantly affect the richness 
of the soil fungal community. PLoS One. 
2013;8(12):e85490
[82] Herr C et al. Seasonal effect of the 
exotic invasive plant Solidago gigantea 
on soil pH and P fractions. Journal 
of Plant Nutrition and Soil Science. 
2007;170(6):729-738
[83] Wang C et al. Response of 
litter decomposition and related 
soil enzyme activities to different 
forms of nitrogen fertilization in a 
subtropical forest. Ecological Research. 
2011;26(3):505-513
[84] Zhang X et al. Response of the 
abundance of key soil microbial 
nitrogen-cycling genes to multi-
factorial global changes. PLoS One. 
2013;8(10):e76500
[85] Zhang L et al. Non-native plant litter 
enhances soil carbon dioxide emissions 
in an invaded annual grassland. PLoS 
One. 2014;9(3):e92301
[86] Zhang L et al. Chinese tallow trees 
(Triadica sebifera) from the invasive 
range outperform those from the native 
range with an active soil community 
or phosphorus fertilization. PLoS One. 
2013;8(9):e74233
[87] Vivanco L, Austin AT. Tree species 
identity alters forest litter decomposition 
through long-term plant and soil 
interactions in Patagonia, Argentina. 
Journal of Ecology. 2008;96(4):727-736
[88] Zhang L, Liu X. Nitrogen 
Transformations Associated with 
N2O Emissions in Agricultural Soils, 
in Nitrogen in Agriculture-Updates. 
London: IntechOpen; 2017
13
Plant Invasion and N2O Emission in Forest Ecosystems
DOI: http://dx.doi.org/10.5772/intechopen.92239
[89] Wang C et al. Insights into 
ecological effects of invasive plants on 
soil nitrogen cycles. American Journal of 
Plant Sciences. 2015;6(01):34
[90] Piñeiro-Guerra JM et al. Nitrous 
oxide emissions decrease with plant 
diversity but increase with grassland 
primary productivity. Oecologia. 
2019;190(2):497-507
[91] Zhou Y, Staver AC. Enhanced 
activity of soil nutrient-releasing 
enzymes after plant invasion: A meta-
analysis. Ecology. 2019;100(11):201
[92] Allen JM, Bradley BA. Out of the 
weeds? Reduced plant invasion risk 
with climate change in the continental 
United States. Biological Conservation. 
2016;203:306-312
[93] Wolkovich EM, Cleland EE. The 
phenology of plant invasions: A 
community ecology perspective. 
Frontiers in Ecology and the 
Environment. 2011;9(5):287-294
[94] Aamer M et al. Biochar mitigates 
the N2O emissions from acidic soil 
by increasing the nosZ and nirK 
gene abundance and soil pH. Journal 
of Environmental Management. 
2020;255:109891
